Purpose To evaluate the prognostic factors, particularly age at the time of surgery, for recurrence after unilateral medial rectus resection and lateral rectus recession (R&R) procedures in patients with intermittent exotropia, or X(T). Methods Medical records of 489 subjects who received unilateral R&R procedures with more than 12 months of follow-up were reviewed. The patients' surgical outcomes with a deviation of less than 10 prism diopters (PD) of exotropia and less than 5 PD of esotropia were defined as a success. Outcomes with more than 11 PD of exotropia were designated as recurrences, and those with esotropia of more than 5 PD after 3 months of operation were noted as overcorrection. The prognostic factors for recurrence were analyzed by the multivariate logistic regression test. Results Of the 489 subjects, 209 had successful surgical outcomes and 280 had recurrences, whereas overcorrection was not found. Mean age at operation was 8.9 ± 6.5 years, mean preoperative distant X(T) size was 32.9 ± 6.0 PD, and mean follow-up period was 27.5 ± 17.9 months. On the basis of the survival analysis in which survival represented time of recurrence, the mean duration was 31.2±1.7months. Age at onset, age at surgery, and immediate postoperative alignment proved to be significant factors influencing a favorable outcome by multivariate logistic regression analysis (Po0.05). However, gender, family history, and preoperative deviation size were not significantly predictive of success (P40.05).
Introduction
Intermittent exotropia is the most common form of exotropia and is more prevalent among Asians than among Caucasians. [1] [2] [3] Exotropia is reported to occur at more than twice the rate of that of esotropia, particularly in Korea. 4, 5 As surgery results in better treatment outcomes than non-surgical treatments, such as orthoptics or occlusion therapy, it is performed in most cases in which surgery is indicated. 6 Generally, patients showing an initial tendency toward exotropic drift postoperatively over time, and some of them are reported to have a recurrence of exotropia. 2, [7] [8] [9] In addition, as the success rate of surgery varies by studies (32. .3%), the exact prediction of the surgical outcome is difficult. 8, [10] [11] [12] There have been a number of reports of possible prognostic factors affecting surgical outcomes, such as preoperative degree of exodeviation, 13 duration of postoperative follow-up, 7 surgical procedures, 12, 14 types of exotropia, 10, 11, 15 and stereopsis. 16 However, controversies still abound. In particular, the age at surgery is subject to dispute because some studies advocated surgery at an early age, [17] [18] [19] whereas others claimed that early surgery is not desirable. 8 Although many reports 9, 13, 14, 20 have stated that age at surgery for intermittent exotropia does not affect the surgical outcome, there are some reports 8, 17, 18 identifying age as a prognostic factor. Thus, referring to age as a prognostic factor is debatable.
The success of strabismus surgery is known to be highly dependent on surgical procedures; thus, the success rates of surgeries performed in a single institute by a single surgeon are expected to be more statistically significant than those performed at multiple institutes by different surgeons. Studies on recurrence for cases in which surgeries were performed at single institutes using a single surgical procedure (unilateral R&R) by a single surgeon are rare. Therefore, we analyzed factors that influence the surgical recurrence rate, particularly the patient age at the time of surgery when a unilateral R&R procedure, a type of X(T) surgery, was performed.
Patients and methods

Patients
We retrospectively reviewed the medical records of 489 subjects who received a unilateral R&R procedure between January 1991 and June 2007 at Yeungnam University Medical Center with more than 12 months of postoperative follow-up. Subjects with constant exotropia, a history of ocular surgery, A-V pattern strabismus, oblique muscle dysfunction, vertical strabismus, paralytic strabismus, strabismus with restricted motility, unilateral amblyopia, comorbidity (eg, nystagmus), or a systemic disease (eg, cerebral palsy) were excluded from the study.
Preoperative evaluation
All patients underwent a complete ophthalmologic examination before operation. A visual acuity test for every patient was conducted with correction of refractive errors. Prism and alternate cover tests with accommodative target fixation at a distance of 1/3 (near) and 6 m (far) were conducted both pre and postoperatively. An additional near measurement was obtained after 1 h mono-ocular occlusion of the non-dominant eye, or by habitually deviating the eye to measure the largest angle of deviation. Post-occlusion near measurement was obtained with an additional þ 3.00 D sphere over each eye before permitting the patient to regain binocular fusional ability. The angles of deviation when gazing above, below, left, and right were measured in all the patients. Sensory tests, including the Worth-4-dot, Titmus stereotest, and Lang test, were conducted.
Operation
Every surgery was performed by a single surgeon (MMK) and under general anesthesia. The unilateral R&R procedure was performed with Parks' method based on the patients' angle of deviation determined the day before the operation (Table 1) .
Postoperative evaluation
The angle of deviation that was measured during the first follow-up visit within a week of surgery was defined as an immediate postoperative deviation. The patient was followed up at 1, 3, 6, and 12 months after the surgery, and every 6 months thereafter. Less than 10 prism diopter (PD) of exotropia and less than 5 PD of esotropia were defined as indicators of a successful surgery. Recurrence was defined by over 11 PD of exotropia at any time during the follow-up, and overcorrection as indicated by over 5 PD of esotropia was confirmed for more than 3 months.
Statistical analysis
The surgical outcomes and factors for analysis of significance were based on gender, patient age at surgery, and angle of deviation before surgery as well as immediately after surgery and at 1, 3, 6, and 12 months after surgery. For statistical analysis, logistic regression analysis, the Kaplan-Meier survival test, the independent t-test, and the w 2 analysis were used with significance level of P-valueo0.05. All statistical data were analyzed using SPSS software for Windows, version 15.0 (SPSS, Inc., Chicago, IL, USA).
Results
Among the 489 patients, 209 belonged to the success group and 280 to the recurrence group. The overall success rate was 42.7%. There were no overcorrected patients. The number of male and female patients was 222 (45.4%) and 267 (54.6%), respectively, and the mean age at surgery was 8.9 ± 6.2 (3-43) years. The mean age of onset was 4.0 ± 3.6 (0-29) years. The mean period of follow-up was 27.5 ± 18.0 (12-126) months. The mean angle of deviation before the surgery was 32.9 ± 6.0 (25-60) PD ( Table 2 ). The frequency of exotropia was ascertained by a questionnaire; exotropia was first incidentally observed by an ophthalmologist or by the patients' close associates (mother's friends or teachers in kindergarten or in school) in 206 (42.1%) subjects.
Among the 283 subjects who responded to the question, 17.3, 15.9, and 19.8% were found to experience exotropia of 11-20%, 21-30%, and 31-40% at waking time, respectively, with more than half of the subjects presenting 11-40% exotropia.
By defining survival as the time until recurrence, the mean duration of survival was 31.2 ± 1.7 months (range: 1-78). Recurrence rate by duration of follow-up period according to the analysis of survival was 5.3% at 1 month, 16% at 3 months, 27.6% at 6 months, 41.9% at 12 months, 60.7% at 2 years, 70.8% at 3 years, 74.5% at 4 years, and 77.9% at 5 years. The recurrence rate increased considerably with increased duration of follow-up ( Figure 1 ).
There were no statistically significant differences in gender, photophobia, or family history between the success and recurrence groups (the w 2 -test, P 40.05). However, differences in age at onset, age at surgery, immediate postoperative and 1-, 3-, 6-, and 12-month postoperative angle of deviation showed statistical significance (independent t-test, Po0.05; Table 3 ).
Univariate logistic regression analysis revealed that larger the measures of immediate postoperative deviation, the higher the increase in the recurrence rate (odds ratio: 1.102, P ¼ 0.000). Further, older the age of either at onset (odds ratio: 0.870, P ¼ 0.000) or at surgery (odds ratio: 0.920, P ¼ 0.000), the larger the decrease in recurrence rate. Multivariate logistic regression analysis was performed with selected independently significant factors, such as age at onset, age at surgery, and immediate postoperative deviation, in order to analyze the effects on recurrence rate. The result of the analysis showed that all factors had significant effects on recurrence rate. Recurrence rate decreased with increased age at onset (odds ratio: 0.930, P ¼ 0.002) and age at surgery (odds ratio: 0.905, P ¼ 0.012), and it increased with increased immediate postoperative deviation (odds ratio: 1.143, P ¼ 0.000). Differences in gender, family history, frequency, photophobia, and preoperative deviation between groups were not significant.
Discussion
The success rate of the surgery in this study was 42.7%. Other studies 8, [10] [11] [12] have reported a success rate of define esotropia and exotropia of less than 10 PD within 6 months of follow-up as a successful surgery.
Controversies still abound in defining successful surgery, but the assertion that absolute orthophoria is necessary for successful surgery seems far from realistic. The criteria for our study are comparable to those of Kushner et al.
13 Table 4 presents the comparisons of the total numbers of subjects, duration of follow-up, and the success rates of previous studies.
In our study, age at onset, age at surgery, and angle of deviation at distance immediately after surgery and 1, 3, 6, and 12 months after surgery were found to have statistically significant effects on recurrence rates.
Previous results have varied in concluding whether age at surgery or other factors are a determining factor for the success of surgery. Chia et al 14 reported that age at surgery and preoperative angle of deviation are not prognostic factors for the success of surgery. Gezer et al 13 reported that age at surgery is not a prognostic factor for the success of surgery, but preoperative degree of deviation, the amount of correction by surgery, and preoperative refractory error are prognostic factors. Roh et al 20 also suggested that age at surgery is not associated with the success of surgery, and stereopsis is the only prognostic factor for the success of surgery. Oh et al 9 suggested that overcorrection of postoperative 10 PD or more is the only prognostic factor.
In contrast, Pratt-Johnson et al 17 asserted that age at surgery is the most important factor for the success of surgery, and that the surgery should be performed before a patient turns 4 years old. Knapp 18 and Hiles 19 suggested that early surgical intervention is recommended to prevent abnormal sensory adaptations. In South Korea, Paik et al 21 reported that surgery was successful in 83% of the patients who underwent the surgery before they turned 24 months old, and that five out of six patients obtained favorable stereopsis. As a basis for this assertion, Knapp 18 suggested that when the angle of deviation is acutely detrimental to fusion and stereopsis, surgery should be performed on young patients to prevent sensory abnormalities and to minimize the tendency toward recurrence of exotropia.
Haik, 22 however, reported that postoperative overcorrection in pediatric patients less than 4 years of Abbreviations: BLR, bilateral lateral rectus recession; E, esophoria; ET, esotropia; R&R, unilateral resect-recession procedure; X, exophoria; XT, exotropia.
age could result in decreased stereopsis function, loss of binocular vision, and secondary sensitivity adaptation for esotropia. Von Noorden et al 23 recommended that the surgery be delayed until the age of 4 years or older to prevent overcorrection in infants. Maruo et al 9 reported that the rate of orthotropia or mini-microtropia was higher among patients younger than 3 years and older than 11 years of age, and that early surgery is not necessary when the patient is over 4 years of age.
This result is contrary to that of the study by Richard and Park in which the frequency of overcorrection was found to be higher when the surgery is performed at younger age. The reason for the higher recurrence rate when surgery is performed at younger age is postulated as follows:
First, there is unreliability of preoperative measurements. As the reliability of preoperative measurements is relatively low in younger patients, possibilities of undercorrection cannot be eliminated. On the contrary, because the reliability of deviation and visual acuity measurement increases with older patients, possibilities of undercorrection and recurrence decrease. To avoid this inaccuracy, Kushner 24 recommended that (1) the deviation be measured while the patient fixates on an outdoor target, (2) the monocular occlusion be achieved in patients with exotropia before deciding on the amount of surgery, and (3) intervention be performed on the basis of the largest angle measured.
Second, as reported in the study by Nusz et al, 2 which examined a population-based cohort over a 20-year period, the proportion of aggravation of exodeviation by 10 or more PD was 23.1% at 5 years and 52.8% at 20 years in intermittent exotropia without surgery. In addition, Ekdawi et al 7 reported that the probability of developing an angle of deviation 410 PD after the first surgery was 54% at 5 years, 76% at 10 years, and 86% at 15 years. This indicates that the angle of deviation of exotropia became more severe over time. As the angle of deviation has a tendency toward exodeviation over time, it is expected that the angle of deviation could become more stable with an increase in age.
Another possible reason for a high rate of recurrence may be the differences in fusional ability. Older patients often have smaller deviations, lower exotropic frequencies, or no photophobia, which delay hospital visits. Compared with younger patients, older individuals may have better fusional ability and stereopsis. Although the frequency of exotropia and existence of photophobia do not show any statistically significant relation to recurrence rate (P ¼ 0.692), patients with successful surgery are generally thought to have better fusional ability before surgery.
Moreover, recurrence rates were lower among surgeries performed on older patients. However, not only age but dysfunction of binocular fusional ability and degree of deviation should also be considered as predictors of surgical outcomes. 23 Gezer et al 13 reported that a preoperative exodeviation of 40 PD or more had a significantly greater likelihood of recurrence because of a positive correlation between preoperative and postoperative deviations. Similarly, Scott et al 25 reported that the degree of preoperative exodeviation, patient age at surgery, status of refraction, degree of anisometropia, and difference in the angle of deviation at the distance between upward gaze and downward gaze were prognostic factors.
However, most of the previous studies reported that there was no correlation between degree of preoperative deviation and recurrence rate. Our study also found that there was no correlation between degree of preoperative deviation and degree of postoperative exodeviation, and there was no statistically significant difference in preoperative deviation between the success group and the recurrence group (P40.05).
Pratt-Johnson et al 17 reported that postoperative overcorrection, a factor that influences the recurrence rate of intermittent exotropia, had no influence on the final surgical outcome, and that esotropia due to postoperative overcorrection could result in amblyopia and decreased binocular vision. Most other studies, however, reported that postoperative overcorrection gave higher success rates. Scott et al 25 viewed 4-14 PD as a desirable initial overcorrection, whereas this was determined to be at 0-9 PD by Ruttum 26 and 10-20 PD by von Noorden. 23 Raab and Parks 27 recommended 10-20 PD of esotropia in the primary position on the second or third postoperative day.
Similar to the results of other studies, the recurrence rate in our study significantly decreased with decreases in the angle of deviation immediately after surgery and at 1, 3, 6, and 12 months after surgery. This result is believed to be attributable to the possible mechanism that immediate postoperative overcorrection resulting in diplopia, reduction of suppression, and stimulation of fusion capability gave long-term stability of ocular alignment.
In this study, gender and preoperative angle of deviation did not have significant influence on the recurrence rate in both success and recurrence outcomes.
In conclusion, our study demonstrated that the recurrence of intermittent exotropia was influenced by age at onset, age of the patient at surgery, angle of deviation immediately after surgery, and at 1, 3, 6, and 12 months after surgery. In addition, we found that the success rate of surgery decreased over the course of follow-up. Therefore, immediate postoperative overcorrection, as well as angle of deviation at follow-up, should be accurately measured, and patient age at surgery should be seriously considered in postoperative overcorrection. However, as this study was focused only on R&R, further studies are required to ascertain whether age of the patient at the time of surgery has a critical role in determining outcomes of other treatments for intermittent exotropia.
